relationship between the spleen, the liver, and the brain, has acquired a wider aspect since the study of the so-called lipoidoses was introduced into neurology. I will begin with the origin of the problem, that is the hepato-cerebral degeneration. The clinical and pathological investigations following the fundamental publication of Kinnier Wilson (1912) have increased our knowledge chiefly in three respects: (1) The clinical syndrome is extended, (2) it has been shown that the pathological changes are widely spread in the central nervous system, although the corpus striatum remains the centre of the pathological substratum, and (3) it has been proved that the " Pseudosclerose" and " Chronischer Torsionsspasmus " of the German authors have to be regarded as varieties of Wilson's disease. In this country, Greenfield, Poynton, and Walshe concluded, in 1923 , that progressive lenticular degeneration was not limited to the corpus striatum, and the experience of the last twelve years points in the same direction. Regarding the primary focus of the disease, the original conception of Wilson was supported by Barnes and Hurst (1925) in England, Bruckner (1925) and others on the Continent, who reported families suffering from hepato-cerebral degeneration, some members of which had cirrhosis of the liver, though without lesions in the brain. Hence, in their opinion, the primary lesion has to be sought in the liver. Toxins, which have a specific effect on the nervous system, are produced in or allowed to pass through the damaged liver. Several authors accept the hypothesis that the toxins are produced in the intestinal tract and, by way of the portal system, are transported to the liver, which thev damage.
There is still a difference of opinion concerning the inborn factor of the lesions in hepato-cerebral degeneration. I bad the opportunity, together with my pupil, Dr. Ten Raa, to study three brothers. They showed the classical clinical picturemotor disturbances of an extrapyramidal character, the brownish-yellow granular pigmentation of the cornea, the so-called ring of Kaiser-Fleischer, and mental symptoms. In two of these cases a post-mortem examination was made. The cirrhosis of the liver with the enlargement of the spleen, the symmetrical lesions in the corpora striata, and the neuroglia cells of Alzheimer were present. These seemed clearly cut examples of Wilson's disease. In addition to these typical lesions, however, we found a pathological process in the cortex of the forebrain on both sides, exactly as Had field (1923) had described ( fig. 1 ). The cyto-architecture was disturbed to a marked degree. In the cortical tissue there were small cavities ; there was increase of glia, and newly formed blood-vessels were visible. Exactly the same pathological changes as in the corpus striatum were found in the cortex. Though different in intensity the cortical changes in these two cases showed great resemblance in distribution, mostly in the frontal areas and gradually diminishing towards the occipital lobes. Observations such as this represent strong arguments in favour of the conception that in hepato-cerebral degeneration congenital inferiority must play an important part.
Must we really accept the theory that the toxin in hepato-cerebral degeneration is produced in the liver, that the noxious agent is of hepatic origin? Here the analogy with the pathological conditions in icterus gravis neonatorum, the s6-called "kernicterus," has iinfluenced the opinion of many neurologists. The yellow staining seems to be elective, the lenticular nucleus aind the corpus sub-thalamicum being especially deeply yellow. There seems to be here an association between a poisonconnected with hepatic disease-and certain cells in the brain. I have the privilege of co-operating in my institute with Dr. Cornelia de Lanige (1934), Professor of Pediatrics in our University, who not only has great clinical experience in kernicterus, but has investigated the brain of such patients in my laboratory. As stated in the report by Hawksley and Lightwood (1934), who studied icterus gravis in the Hospital for Sick Children, Great Ormond Street, there is usually in this condition an erythroblastwemia, that is, an increase of unripe nucleated erythrocytes in the peripheral blood. Such an accumulation of nucleated red blood-cells is also found in several organs, especially in the liver and the spleen. This erythroblastosis is not a primary but a secondary symptom and is not always present. It represents regeneration, after destruction of many red blood-cells, which destruction causes the 581 icterus. The degenerative changes in the brain vary from case to case, but in all of them-and also in the chronic cases-there is undoubtedly a preference for the corpus striatum, especially for the globus pallidus, and for the corpus sub-thalamicum ( fig. 2a ).
Several views concerning the cause of the destruction of the red blood-cells have been put forward. Dr. de Lange (1934 , 1935 favours the idea of maternal toxaemia as a cause; furthermore she suggested in 1924 the possibility that the septic icterus of the newborn might also, though very rarely, cause kernicterus. That this opinion is correct was proved some months ago by my assistant Dr. A. Biemond, who, in co-operation with Dr. S. van Creveld, studied the central nervous system in two cases of kernicterus without erythroblastosis, caused by infection of the umbilicus. In both children the clinical picture of a striatal disease developed. They died after some months. A symmetrical demyelinization and loss of cells was found in the globus pallidus and in the corpus sub-thalamicum ( fig. 2b ).
As regards our present problem, we have to emphasize that in the typical cases of kernicterus the jaundice of the body and the yellow staining of various parts of the brain are not caused by a lesion of the liver. This icterus is hemolytic and not hepatic. Hamosiderin is found in the liver and in the spleen-caused by heamolysis; furthermore signs of regeneration of the blood are found in these organs. In the chronic cases Dr. de Lange did not find any degenerative alterations in the liver. In my opinion it is better not to include conditions seen in kernicterus, when putting forward arguments for the hepatic origin of the poisons acting in hepatocerebral degeneration.
Up till now cirrhosis of the liver has been considered to be a conditio sine qua non for the diagnosis of Wilson's disease. Before discussing this point I should like to report a peculiar clinical experience I had some years ago. Dr. F. C. Kuipers consulted me about a male patient aged 59 suffering from a rare disease--hbWmochromatosis. This disease is chiefly characterized by the combination of bronzed skin (melanodermia), cirrhosis of the liver, and diabetes. French authors call this disease " diabete bronze." The bronzed skin had been present for several years in this case. It was a typical example of hbemochromatosis, the skin of the whole body being of a diffuse yellowish greyish-brown colour while the liver and spleen were shown to be enlarged. But besides this hbnmochromatosis the patient showed symptoms of a disease of the brain. He had changed in character during the last three years, having become very disagreeable to his relatives and friends-sometimes even aggressive. Attacks of more severe symptoms supervened-mental confusion, restlessness, incontinence of urine and sometimes even somnolence. These attacks lasted two or three days, and following them the patient could not use his extremities normally, he was unable to hold things well in his grasp and his walking was unsteady. He talked with great difficulty. In the beginning be partly recovered from this, but later the disturbance of speech and uncertainty of movements remained. The most important nervous symptoms were the following: Mental disturbances with increased emotionalism, dysarthria, dysphagia, tremor in both arms especially on the left side with ataxia, disturbances in walking, stiffness of the facial muscles, and hypotonia of several muscles of the extremities. There were no pyramidal signs and the sensibility was normal. The diagnosis of pseudosclerosis was made. The patient died after some months. At the post-mortem examination the usual symptoms of hEemochromatosis were found. There was a typical granular cirrhosis of the liver, of the Laennec type, with much pigment. Furthermore, there was fibrosis of the spleen and of the pancreas. In the latter and in several other organs much pigment was found. The central nervous system has been carefully examined in my laboratory by Dr. 4 ). Furthermore in various parts of the central nervous system an increase of glia with the so-called Alzheimer cells was visible. In the putamen very large giant cells of Alzheimer were present. There was no lesion of the pyramidal tracts. In several regions pigment was found not only in the gliacells but also lying freely in the tissue.
Regarding the pathogenesis of hwmochromatosis, I will limit myself to a few remarks; detailed information will be found in Dr. Kuipers' book (1932) . In this disease two kinds of pigment are found, one of which is hbemosiderin. The other is a brown pigment which does not show the iron-reaction; it belongs to the group of melanins and is derived from protein. In the oldest conception of the pathogenesis of hamochromatosis-that of Hanot and Chauffard-diabetes was considered the primary affection. This disturbance in the sugar metabolism-if of long duration- led to pigmentation and cirrhosis of the liver. Since it was shown, however, that diabetes was not infrequently absent in cases of haemochromatosis this theory had to be given up. Afterwards for many years cirrhosis of the liver was regarded as the primary affection. Cirrhosis alone, however, cannot be held responsible for the severe pigmentation, since it so often exists without any accumulation of pigment. Furthermore, as there were cases of heemochromatosis in which cirrhosis of the liver was absent or minimal, this idea also was abandoned. Mallory tried to prove that haemochromatosis was caused by copper but this opinion is not sufficiently supported by later investigators. In the opinion of Dr. Kuipers the following conclusion, with which I agree, is the most satisfactorv. There is a disturbance of the metabolism of iron and of protein, as proved by the accumulation of the two kinds of pigment.
Furthermore there are alterations in the parenchyma and mesenchyma of various organs, more especially in the liver, the spleen, and the kidneys. They may vary in intensity from case to case. All these pathological changes are co-ordinated with one another, not subordinated. It is not yet known which noxious agent causes the disturbance in the metabolism of iron and of protein and the destruction in the various organs. There is little evidence in favour of an external cause; more arguments are at hand for an endogenous disturbance of metabolism since h£emochromatosis occurs almost exclusively in males and is sometimes familial. The fact that the changes in the different organs vary so much must be explained by local variety in resistance. In our case the brain certainly had such reduced resistance. Haemochromatosis associated with pseudosclerosis is undoubtedly not identical with Wilson's disease. Cases of the latter have however been reported in which disturbance in the pigment-metabolism was proved, although this pigment differed from those mentioned above. Furthermore the changes in the central nervous system of our case resemble so much those found in Wilson's disease that these two affections cannot stand far apart. In the usual hepato-cerebral degeneration the intensity of the alterations in the liver, the spleen and in the brain may vary very much. If it is assumed that this affection is caused by a hepatic toxin, all the cases described as Wilson's disease in which the liver showed only little or no cbanges at all, have to be discarded. I do not think that this is justified.
In analogy with the conception based upon our present knowledge of htemochromatosis, I incline to the opinion that the so-called hepatocerebral degenerations belong to that group of disturbances of metabolism which is characterized by lesions in such organs as are congenitally of poor resistance. Up till now the w,tiologic factor is unknown, as our chemical knowledge is not yet sufficiently advanced in this respect. The question arises whether such disturbances in metabolism can be limited to special organs. Remarkable arguments in this respect are to be found in the field of the so-called "lipoidoses." The three principal types of these lipoidoses are Schfiller-Christian's disease, the spleno-hepatomegaly of Gaucher and the spleno-hepatomegaly of Niemann-Pick. It is easy to distinguish Schuller-Christian's disease from the two others because X-ray examination shows the typical defects in the bones, especially those of the skull and of the pelvis. It should only be mentioned here that spleno-hepatomegaly is also seen in this type of lipoid-metabolism. The differential diagnosis between the diseases of Gaucher's disease and Niemann-Pick's disease may be difficult when Gaucher's disease occurs in a child. It rarely does so occur, however; the usual sufferers from this affection are adults, whereas Niemann-Pick's disease always begins in the first year of life. Both are characterized by the presence of an enlarged spleen and liver and by a poor general condition. At any rate, these three types are disturbances in lipoid metabolism of a fundamentally different character. The deposit in the cells in Schiiller-Christian's disease is cholesterin, in Gaucher's disease it is kerasin, while in Niemann-Pick's disease the lipoid in the cells is partly composed of lecithin and partly of phosphatide. Perhaps it is chiefly sphingomyelin but this point is not yet settled.
Although changes in the central nervous system are also found in the rare cases of children suffering from Gaucher's disease, the neurologist is chiefly interested at the moment in the spleno-hepatonmegaly of Niemann-Pick, because this disease must be connected with amaurotic idiocy. The essential alteration in Niemann-Pick's disease is the accumulation of an enormous quantity of large pale cells, filled by fine drops of lipoid. These cells are called foam-cells (Schaumzellen). With Scharlach-red a light pink (not a red) colour appears; with iron haematoxylin many dark-stained granules are seen. These foam-cells are present in many organs and are the cause of the enlargement of the liver and the spleen. The accumulation of the lipoidal and pre-lipoidal substance is the sign of a general disturbance in the lipoid metabolism. Several cases have been published during the last few years in which there was a combination found of the disease of Niemann-Pick and of amaurotic idiocy (Knox, Wahl, and Schmeisser (1916) , Bielschowsky (1928) , Marinesco (1932) , Corcan and Oberling (1927) , Baumann (1935) . These two diseases are rare; both may begin in the first year of life, both occur chiefly in Jewish people and both are often familial. Furthermore, as the morphologic aspect of the cells is the same and the substance in the swollen cells shows equal reactions on staining, Bielschowsky (1928) could not believe that such a combination was accidental. He concluded that the disease of Niemann-Pick and amaurotic idiocy were the same affections with different localization. In this way he opposed the original conception of Schaffer-namely, that amaurotic idiocy is a primary degeneration of the hyaloplasm, that is, that part of the protoplasm which cannot be stained. In Schaffer's theory amaurotic idiocy is a primary degeneration of the ectodermal tissue of the central nervous system, caused by congenital inferiority, in which, above all, the younger systems suffer. In Bielschowsky's theory amaurotic idiocy is the consequence of a disturbance in lipoid metabolism, and the alteration in the nervous tissue is secondary. This chapter of neurology is much discussed now on the Continent.
I will now give the details of a case of my own which helps towards a decision in this controversy:-The patient belonged to a Jewish fam-lily, in which nio disease of the central nervous system has been found. Up to the age of 6inonths she appeared to develop normally; after that she suffered several times from bronchitis. Gradually it became apparent that she did not see very well and that there were signs of backwardness. She was admitted to hospital at the age of 1years. On examination in our department the classical symptoms of amaurotic idiocy were found; there was a beginning hypertonia in the four extremities with increase of the deep reflexes. The pupils contracted to light, but the eyes never followed any object. In the retina the typical white area in the region of the macula with the red spot in the centre was found on both sides. While in the ward the child had several general epileptiform convulsions. The hypertonia increased gradually and contractures in the extremities developed. Finallv, the general condition deteriorated. The patient died at the age of 2 years and 7 months. At the post-mortem examination the typical changes of infantile amaurotic idiocy were found. The nerve cells of all the areas of the cortex, and of the basal ganglia, midbrain, pons, medulla oblongata and spinal cord were swollen and distended by lipoid deposits (fig. 5 ). The shape of the swelling was variable, as is usually the case in this disease. In several parts of the cortex the architecture was completely disturbed (fig. 6 ). The myelinization in the frontal, parietal, temporal, and occipital lobes was poorly developed (fig. 7 ). In the optic thalamus the nunmber of myelinated fibres was too small in the dorsal parts. In the hypothalamus and in the corpora striata the myelinization was almost normal. This was also the case in the midbrain and in the tegmentum. The pons, however, was totally white in the Weigert-Pal sections, and in the spinal cord the pyramidal tracts showed little myelin.
In the cerebellum the histological changes were very marked. In many places the granule cell layer was considerably atrophied. Many Purkinje cells were missing, the others were all distended with lipoid ( fig. 8 ). The cerebellar nuclei were well formed, but here also all the cells were changed in the typical way. There was an increase of glia everywhere in the cortex, in the deeper layers of the telencephalon and also in the pons and in the cerebellum. Many of these glia-cells were also swollen and contained lipoid products. In our case, as in the cases published bv Gordon Holmes and Greenfield (1925) , Benders (1916) and others, it was obvious that though the cells of nuclei may be filled with lipoid, the fibres arising from these .5 6 A34 nmay be normal. Regarding the question whether lately developed systems are more severely damaged than older ones, in some parts of the central nervous system this seems to be the case-for example in the optic thalamus. The ventral part of the pons, which develops late, is severely affected. There are, however, also many systems in the tegmentum and in the medulla, which are myelinated very late and yet are normal in this series of sections. In the cerebellum, the flocculus and the vermis are even more affected than the hemispheres. In the forebrain the number of normally myelinated fibres in the corpus callosum, which develops late, is rather great. In any case this point cannot be a fundamental one. Furthermore there are no arguments for accepting the theory of a process of retardation or delay in development.
A. The facts shown in the case quoted favour the conception that amaurotic idiocy is the result of a disturbance in lipoid metabolism. It is true that in this case no foam-cells were found in the mesodermal tissues of the brain, so that the pathological changes are limited here to the ectoderm. This fact seems to support the theory of Schaffer (1931, 1932) and his school (v. Santha (1931 Santha ( , 1934 ), that the primary affection of the nerve-cells is the fundamental process in amaurotic idiocy. A striking point, however, was noted by Professor Bielschowsky with regard to the spleen in our case. Although not enlarged, it presented typical foam-cells ( fig. 9 ). Furthermore, the case was carefully studied by Dr. S. van Creveld from the point of view of the relations of the lipoids in the blood. Under normal conditions the relation between the quantity of cholesterin and lecithin in the peripheral blood is 1: 1-5. This was the proportion in our case as a rule, but during the last months of life the quantity of lecithin increased (425 mgm. %), . .., ., s .r. .. the figures being 1: 3-17. In the classical cases of spleno-hepatomegaly of Niemann-Pick the amount of lipoids in the blood was much higher, but nevertheless the conditions in the case, presented here, are not normal. I sympathize with the idea of Bielschowsky that there are several localizations of these disturbances in lipoid metabolism. The abdominal organs may be chiefly r---l affected, the brain may be chiefly affected, or both may be equally affected. This localization depends upon the resistance of the organs, which is determined congenitally. There is an analogy in Gaucher's disease. Pick showed that this affection may be chiefly localized in the bones. He saw this in members of one family. In his opinion there is not only a general predisposition for the disease of Gaucher, but also a special one for a localization in the bones. Another example of localization of FIG. 7. -Myelinization in the telencephalon, the optic thalamus and the corpus striatum in amaurotic idiocy. disturbances in metabolism in special organs is found in Gierke's disease-a disturbance in glycogen metabolism. The increased accumulation of glycogen causes a marked hypertrophy of the liver and kidneys. Once in a while other organs may be severely affected (van Creveld (1934) ). Pompe (1933) described a case of hypertrophy of the heart, caused by accumulation of the glycogen. There are reasons for believing that the nervous system also may suffer in some cases of glycogen metabolism, but this point is not at present sufficiently elucidated. 
Summary
In this paper I have presented material from the Neurological Institute of Amsterdam with regard to diseases in which the combination of alterations in the spleen, the liver, and the brain is found. All these are examples of disturbances in metabolism-with the exception of kernicterus which was included in order to show that the pathological conditions found in this disease, have no analogy with hepatocerebral degeneration, because the jaundice is haemolytic, not hepatic. I have emphasized the fact that such disturbances in metabolism are not always of a general character, but may be localized in special organs; it depends on the inborn factor which organ will suffer. This is shown in hemochromatosis, the study of which may throw light on the so-called hepato-cerebral degeneration. The localization of metabolic disturbances in special organs is also found in the group of the so-called lipoidoses. We do not know their final cause but the results so far obtained in the study of the lipoidoses indicate that chemistry should play a leading part in further researches concerning disturbances of metabolism.
There were other well-known diseases of the congenital-developmental class in which hepatic cirrhosis constituted an occasional or almost constant feature. The first was "VWilson's disease," which evidence seemed to explain as a combined dysbiotrophy of the liver and lenticular nuclei of the brain. A second was haemochromatosis, which should be classed as an inborn abnormality of metabolism, analogous to alkaptonuria, congenital porphyrinuria, and the inborn abnormalities of lipoid mnetabolism, &c. A third was telangiectasia of the Osler type, which was a congenital-developmental dysplasia of the small blood-vessels, potentially present at birth, though often not manifesting itself by obvious changes till after puberty. Few complete post-mortem examinations had been made, but in some of them (the one recorded by Ludo van Bogaert and Scherer in 1935, and in two as yet unpublished cases which had been described to Dr. Weber) hepatic cirrhosis had been found.
